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ABSTRACT: 
For this grant, we performed two studies. In the first, the interaction of vortices with 

coastlines and broad topographic slopes was examined. In the second, the deviation of 
a coastal current due to an escarpment was investigated. The work included analytical, 
numerical and laboratory investigations. 

REPORT: 

vortex-rebound from a coast 
In this vortex-coast interaction problem, we were interested in determining the relative 

importance of inviscid vortex generation mechanisms as compared to viscous boundary 
layer vorticity generation at a coast. Primarily this work involved numerical simulations. 
The typical simulation that we performed had a dipolar vortex collide with a straight coast. 
The dipole was chosen because it is a convenient structure that can be used as a model 
of eddies approaching a coast. Alternatively, we could have simply positioned a single 
eddy at the coast and watched the subsequent evolution. However, in that case there is no 
natural way of choosing how close to the coast the unperturbed eddies should be placed. At 
least with the dipole, the approach to the coast and the original deformation of the eddies 
is a natural result of advection and the influence of the coast. Through these numerical 
simulations we found that if ß is relatively large, the ^-effect causes a vortex approaching an 
eastern boundary to rebound from the coast and move away permanently. If ß is relatively 
small, viscous rebound dominates with the primary vortex repeatedly returning to the wall 
after the first rebound until it dissipates. 

We can formulate a simple relation that determines how strong ß must be in order to 
dominate over viscous effects. We have found that the distance that a vortex moves along 
the coast before separation due to the /3-effect scales like (Ay)^ ~ wo/ß- Then if we use 
the relation Lü0 ~ Ufa where U is the maximum velocity in the co-moving frame of the 
vortex and o is the radius of the vortex, then we have {Ay)ß ~ U/(aß). Furthermore, the 
distance the primary vortex travels along the wall for the pure viscous rebound problem 
is roughly independent of the magnitude of the viscosity and can be taken as (Ay)„ ~ a. 
Thus, if we say that the ^-effect will dominate when the expected Ay is less that that due 
to viscous rebound, we have the following inequality when the /3-effect dominates: 

(Ay),<(Ay)„ (1) 
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Wejerified these result, through a series of numerical simulations and laboratory expert- 

the tal°l fa tt^o^01 H °f ?iS WOrk lS the dlffer6nce in the ««* öf fluid «"V from 
he wä on a c„^7^r+ T??iT- In the viecous rebound **e' the vortices leave 

win fl ■/? ^ trajectory that brings them back to the wall, there is no transfer of 

in a rotating evihttenj l u .°° , ^ exPeriments. These experiments were carried out 
on oneSf tCfa t ♦ "^ * Sl°PiQg b°ttom- A straiSht V€rtical w*» «« i^rted 
rotaTon ?! S ^ ^ "^ b0Unda^ The *"* rotates at a fixed angular 
rotation rate. A bottom with uniform slope is used to mimic the /3-effect. The dipole is 

°n ™H!  ♦ J .? Sj0pe °f the b0tt001 of the tank w« varied over a wJde\anEe 
no dor to See both viscously dominated rebound and nearly inviscid refund  A«o'Z 

results are reported in Carnevale, Puentes, and Orlandi, 1997. r¥WUDa- AU 01 tfle 

coasta* current fttfuratfion dve to topography 

C^^ty/m^T^nr °f t08Stal CUrrentS dUe t0 «WP* » reported in 
d^STS.    *        J hat WOrk' we COmbin^ theoretical analysis and numerical 
ZTrZ     make Tf PTediCti0nS ab°Ut h°W «»** cu'™* intCrwith^ca^ 

55? ofSft Ä7 P y °;ihe f^ fl°W depcadinS on whether the geometry was 
ri£ fleft^ hlnS      ("7* .^ U) iQdePenden* "f Ü» direction of th« coastal flow. A 
EÄ-J    .    ^u     ge0metry ,S *" in which the coast is on th« right (left) when one is 
looking along the coast across the escarpment from deep to shallow water 

in ipftL^H    Dg predlCtion was that wh«n a coastal current encounters an escarpment 

till riTf T    ,     dir/Ct,0D' Ab°- We predicted that there would be no out-flow 
along the topographic slope of the escarpment in the left-handed geometry  In fact Z 

^Ä^S^T^"predicted t0 be very different-In that c^>a»eddi^ « 
To verify thl Z o hi   ••«yPT1* wth •» <***" corront ^ng the escarpment. 
10 vonty this and other predictions from our previous work, we designed a series of 

van He^Tlf^P  .t       ^ *** Luia Z^dLl Saas0D ^aduate ^«dent of Gert-Jahn 
van Heijst) at Eindhoven University. Along with our analytical and numerical work Z 

IS ON? gint °rat0ry experiments' ^d this ««tinning work iB mr^ by 

multiple dholes in the left-handed geometry and induced on-shore flow. 
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a^TtlL ^f afV°f djr°flCentrati0D iD rota^S ^ experiment viewed from above 
along the a^ of rotation. The source of the boundary current is on the upper part of the 

oart oX\      rfauhOT1ZOnlal ,ine dividiEg the taDk ln tw°)" There * bif«^ with 
tillL™ eDtu°"!W,,lg thf Wa" and tlw other P^ reP^«Hy 8««*» dipote that 
SS  T^f ^ T angle" At the mm time «> toshore current ('■•■ » flow toward the left) is formed over the topographic slope. 

An illustration of this is given in figure 1. The source of our boundary flow is a tube 

o^rrlS* T,T 5 ^6 Ie^hiffld "*" abOUt 0ne thW 0f the 4 *£ thTtop o the picture (indicated by the arrow). The inflow from this tube results iTa current that flows 
down m the jrfctu» a,ong the left-hand wall. The lower half of the P cturel dip flufd wnüe 
to upper is shallow fluid The depth change is from 17 to 23 cm Tnere" a iZSLope of 
width 4 cm connecting the two depths. The mean boundary current speed before reSin J 

m Arn1?150"? T/B- ^ f =1/S- Th* Säze ÄÄaÄ 
o thP ,1 «f fr iatroiudl* the boundaiy ^ent, dye lines were placed transverse 
Vt^ZLXSmP C

A
&
^T ** the 'COaStd' Curreflt h* the 'escarpment 

2d th! ♦A < WBS mduced- II appears the thb fl™ «« near the left boundary 
Sco^^e

o
UdfhiV

OVT the mt[T ^»V™*' Eventually this topographic cnnS 
boJrm Ä n?^ TUlati0n P6"^ which invo1^ cyclonic circulation over 
both shallow and deep basins.  Furthermore, we examined flows in which the bound*y 
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current was initially induced on the right-hand wall of the tank. In this case, the boundary 
geometry is right-handed, and, as predicted, a bifurcation of the current occurs in which a 
portion of the current leaves the boundary and follows the topographic gradient. 

Other Results 
In additions to the papers mentioned above, there were several others published or 

submitted in the past two years that we should mention. In Kloosterziel and Carnevale 
(1999) we presented a new model of vortex stability in which we were able to demonstrate 
the nonlinear saturation of the instability of circularly symmetric vortices in the form of 
multipole vortex structures. In Carnevale G.F., Briscolini M., Kloosterziel, R.C., and Vallis 
(1997) and Orlandi and Carnevale (1999a), we explored the stability of vortices with varied 
vorticity structure and also the effect of the bottom Ekman layer on vortex stability. In In 
Carnevale et al. (1999b), we presented an analytical criterion for the suitability of various 
kinds of boundary conditions in general circulation models. In particular we considered the 
super-slip boundary. This work grew in part out of our studies of vortex rebound from a 
coast in which we applied the super-slip boundary. 
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